Objective: To assess the use of genetic testing by pediatric otolaryngologists in evaluating a child with prelingual sensorineural hearing impairment (SNHI).
T

HE INCIDENCE OF BILAT-
eral severe to profound congenital sensorineural hearing impairment (SNHI) in the United States is estimated at 1 in 1000 live births. About half of these cases are caused by genetic factors, with the remainder due to acquired, multifactorial, or unknown causes. Of genetic deafness, about 80% of cases are transmitted in an autosomal recessive manner, 15% are autosomal dominant, and the rest are X-linked or mitochondrial in inheritance. 1 Hearing impairment is among the most genetically heterogeneous conditions. Currently, 46 genes and 81 genetic loci have been identified, 2 and these numbers are increasing. Despite this heterogeneity, mutations in one gene, GJB2, which encodes the protein connexin 26 (Cx26) and maps to the autosomal recessive deafness gene 1 (DFNB1) locus, account for a large portion of cases. Mutations in this gene are responsible for about one third of sporadic prelingual SNHI and more than 50% of cases with an autosomal recessive inheritance pattern. 3 Mutations in GJB2 cause nonsyndromic, prelingual SNHI that is typically nonprogressive and bilateral and is without evidence of temporal bone or vestibular abnormalities. Hearing impairment related to GJB2 is typically not associated with other anomalies and carries an excellent prognosis for language development with proper habilitation. 4 Clinical testing for the presence of GJB2 was introduced in the late 1990s and has quickly become an important tool in the evaluation of the child with SNHI. A recent position paper by the American College of Medical Genetics advocated the routine use of genetic testing in the evaluation of the child with a congenital hearing impairment. 5 However, no similar consensus statement has come from an otolaryngology society, and questions remain as how best to integrate this testing into clinical practice. 6, 7 Until recently, clinicians have ordered an extensive array of tests, including urinalysis, thyroid function testing, and electrocardiograms, in an effort to identify the underlying etiology of a child's SNHI. Unfortunately, these laboratory tests have a low yield, with only high-resolution imaging studies (com-puted tomography or magnetic resonance imaging) proving useful. Between 27% and 39% of children with SNHI will demonstrate an abnormality on computed tomography or magnetic resonance imaging, including cochlear dysplasias, lateral semicircular canal dysplasias, and dilated vestibular aqueduct. 8, 9 Although significant, such studies are expensive, unpleasant, and inconvenient for the patient and parents and cannot be considered first-line tests. Furthermore, they do not directly address parents' questions, such as "Why is my child deaf?" "What is my child's prognosis?" and "What is the likelihood that we will have another affected child?" In contrast, GJB2 testing is simple, has a higher yield, and directly addresses the parent's concerns.
A positive Cx26 gene test result has several clear benefits. It obviates the need for other diagnostic tests in search of the cause of the SNHI. It means that there is no need to screen for other medical problems, such as vision problems or learning disabilities, because Cx26-related SNHI is not associated with other abnormalities. Furthermore, Cx26-related SNHI is associated with an excellent prognosis for language development and therefore can provide encouraging information to parents. Finally, it defines the exact recurrence risk for the child's parents: 25%.
Connexin 26 gene testing provides information that is useful to the parents as well as to their child's health care providers. However, for the maximum benefit, this testing must be performed in the proper manner. First, testing must be accompanied by adequate pretest and posttest genetic counseling, so that the limitations and benefits of the test and the meaning of the result can be discussed completely. Second, testing must be performed early in the evaluation process because a positive test result can prevent the ordering of other unnecessary tests. 10, 11 Genetic testing, however, presents a challenge for the otolaryngologist because it has characteristics that differentiate it from routine testing that is part of the physician's clinical practice.
For example:
v Genetic testing is specific but not sensitive. A negative GJB2 test result does not mean that the SNHI is not genetic. While this may be obvious, it is a concept that parents often fail to understand in the absence of adequate genetic counseling. 12 v Genetic testing provides information not only about the patient but also about the family members. Is there an obligation to notify relatives who are at risk for carrying a genetic mutation and, therefore, at risk for having a child with SNHI? The answer is not simple.
v Most physicians are unfamiliar with the language of genetics. For example, the terms polymorphism, mutation, and variance of uncertain significance all refer to alterations in the DNA sequence, but each has a different meaning.
v Genetic testing also brings with it the specter of reproduction. Are pediatric otolaryngologists prepared to discuss issues such as prenatal diagnosis and reproductive options with their patient's parents? Previously, our group demonstrated that pediatric otolaryngologists have a sound understanding of genetic principles and the genetic basis of SNHI. 13 However, the same study suggested that pediatric otolaryngologists had a limited understanding of how to carry out this testing. In the present study, we were interested in how pediatric otolaryngologists use genetic testing in their workup for prelingual SNHI. We believed that this research was necessary for understanding whether pediatric otolaryngologists are familiar with the principles of genetics in a manner that would allow them to both understand test results and communicate those results effectively to patients and their families. In addition, because the issues surrounding genetic testing are complex, we sought to assess whether it is reasonable for pediatric otolaryngologists to conduct proper pretest and posttest genetic counseling within the context of their practice.
METHODS
The questionnaire was developed in a stepwise process. Pertinent topics were identified, and questions were developed on the basis of the clinical experience of the authors and through discussions with attending pediatric otolaryngologists, geneticists, and genetic counselors. These questions were reviewed by the otolaryngologists for clarity and were then edited on the basis of that feedback. In the final questionnaire, the main areas of inquiry were demographic information, knowledge of genetics, and practice policies and experience regarding the evaluation of pediatric SNHI. (The questionnaire is available from the corresponding author on request.)
All 250 members of the American Society of Pediatric Otolaryngology (ASPO) were invited to complete the questionnaire, which was made available from May 6 through September 30, 2005, on the ASPO Web site (http://www.aspo.us). ASPO members were notified of the study by e-mail and were supplied a Web link to the questionnaire. In addition, 3 "reminder" e-mails were sent to ASPO members. The study received approval from the institutional review board of the University of Alabama at Birmingham.
RESULTS
A total of 63 questionnaires were completed. The responses are listed in the When asked what initial set of tests they use in an infant with confirmed nonsyndromic SNHI, 42 (69%) of 61 responding physicians said that they order GJB2 (we used the term connexin 26 gene) testing, 42 (69%) order computed tomography of the temporal bones and/or magnetic resonance imaging, 30 (49%) order a genetics referral, 31 (51%) order an ophthalmologic consultation, 33 (54%) order audiometry for the child's siblings, and 22 (36%) order an electrocardiogram.
Most responded that they order Cx26 gene testing at an early point in the evaluation process, either as the first test (35/60 [58%]) or at the first follow-up visit (12 [20%] When asked under what circumstances GJB2 testing is ordered, 27 (48%) of 56 respondents said only patients for whom they believe it is appropriate and 23 (41%) answered "for all deaf/hard-of-hearing patients." Seven (12%) of 60 answered that they do not use DNA-based testing. All 7 of these respondents had finished their fellowship training relatively recently; 5 were practicing in an academic setting, and the remaining 2 were in a community practice.
Thirty (71%) of 42 respondents stated that they explain the benefits and limitations of Cx26 gene testing, while 10 (24%) refer the parents to a genetics professional. Similar numbers (24 [59%] and 27 [66%] of 41 respondents, respectively) were recorded in answer to the questions "Who explains a positive test result?" and "Who explains a negative test result?" When asked if they schedule extra time to explain test results, 12 (31%) of 39 respondents said that they do for both positive and negative results, while 6 (15%) responded that they do only for positive results. Many refer the parents to a genetics professional to explain the results.
A case scenario was included in the questionnaire:
In evaluating an otherwise well 9-month-old deaf girl, you ordered genetic testing for Cx26-related deafness. You now learn that her genetic test results are positive-she has 2 GJB2 mutations, 35delG and 167delT. The child's parents now ask you to test their 2 normal-hearing children, aged 13 and 7 years, to determine whether they are carriers and are therefore at risk for having a deaf child themselves. Would you order the testing?
Of the 37 who answered, 25 (68%) responded yes, while 12 (32%) responded no. When asked what the recurrence risk would be for the parents of a child who tested positive for Cx26 gene mutations, only slightly more than half (21/38 [55%]) correctly answered that this recurrence risk is 25%. When asked the recurrence risk if testing was negative, the vast majority (27/38 [71%]) responded that they did not know, and 5 (13%) responded with the incorrect figure of less than 1%. Only 6 (16%) chose 15%, which is the correct approximate figure.
When asked why they do not order testing themselves, most (17/23 [74%] ) answered that they preferred to have the genetics expert carry out and explain the testing. Single answers (of which there were 23, each answer representing 4% of respondents) included that they did not have the time to obtain consent, that they did not understand the testing well enough to properly obtain informed consent from families, and that they did not understand the testing well enough to explain the results to families.
When 
COMMENT
The purpose of this study was to learn how pediatric otolaryngologists are currently using genetic testing in the evaluation of the child with hearing impairment. While most agree that this testing is a useful tool and report that they are using it, there is no universally accepted method for how it should be carried out. In a 2002 consensus statement 5 written by a panel of experts that included 1 of us, an otolaryngologist (R.J.H.S.), the American College of Medical Genetics advocated the early use of genetic testing. They commented that with an "appropriate genetic evaluation . . . it is possible to avoid unnecessary, costly clinical tests such as electroretinograms, temporal bone imaging, or electrocardiograms." 5(p168) The American Academy for Otolaryngology-Head and Neck Surgery has yet to issue guidelines.
In the past, the workup for congenital, nonsyndromic SNHI has included a long list of tests that are expensive and have limited clinical value in the absence of clinical indication. 14, 15 In contrast, genetic testing for GJB2 has a high likelihood of yielding positive results, thereby providing important, clinically useful information for the child's family and health care providers. Furthermore, establishing the diagnosis of Cx26-related SNHI spares these children further diagnostic tests. However, to achieve this goal, testing must be done early in the evaluation process. 16 Most pediatric otolaryngologists who responded to our question recognized this fact: 69% indicated that they order such testing in the initial evaluation. However, many (36/61 [59%]) report that they still use a broad approach by initially ordering 3 or more of the following: computed tomography, electrocardiogram, ophthalmology consultation, thyroid function tests, audiometry on family members, and congenital infection screening. A limitation of the questionnaire was that respondents were not asked to justify their clinical practices. Some respondents may not have understood what we consider standard of care, while others may simply not agree with our premise. Unfortunately, we did not provide an opportunity for respondents to describe the clinical reasoning for their differing approaches to the workup of patients with congenital, nonsyndromic SNHI.
Most (54/63 [86%]) of the responding pediatric otolaryngologists reported that they have access to a genetics center for referrals. However, 71% (30 of 42) answered that they explain the limitations and benefits of Cx26 gene testing to the families, and 59% (24 of 41) and 66% (27 of 41), respectively, explain the meanings of the positive and negative test results. A significant number reported that they schedule extra time when they discuss both positive and negative test results with families (12/39 [31%]), or that they refer the families to a genetics professional to discuss these results (7/39 [18%] ), but many only do so for positive results (11/39 [28%] ). As shown in previous work, 7 it is as important for the parents of children with negative test results to have a discussion regarding the testing as it is for families for whom the results are positive. It is particularly importantand often more difficult-to communicate that a negative Cx26 gene test result does not rule out a genetic cause for the child's SNHI. Family members frequently misunderstand negative test results. For example, one study 12 documented that 32% of parents interpreted a negative Cx26 gene test result as proof that their child did not have the gene that causes deafness.
Many otolaryngologists refer their patients to genetics professionals for counseling. This is understandable because it is unlikely that, in a typically busy practice, an otolaryngologist is able to spend sufficient time with families to adequately address these issues during an office visit. Several otolaryngologists cited discomfort with various aspects of genetic testing as the reason they did not order it. Included in their reasons were insufficient understanding of the testing and test results and insufficient time to properly carry out informed consent. In such cases it is best to refer patients to a genetics professional, but that is not always possible. Some respondents (9/63 [14%]) reported that they do not have easy access to a genetics center. This highlights the fact that it is not mandatory that pretest and posttest counseling be carried out by a genetics professional. In some instances, it is not even possible. Therefore, otolaryngologists must be prepared to discuss and answer parents' questions. It is unacceptable to not use genetic testing because that would deny patients and their families information that is important for the child's health care.
Opinions were essentially evenly divided regarding the use of genetic testing for prenatal diagnosis. Proponents argue that the sooner a diagnosis is made, the sooner habilitation may begin. Those opposed cite confounding personal, moral, and ethical reasons related to prenatal testing in general and state that this testing may increase abortions. 17 For professionals who are not well versed in addressing these issues with families, such topics are difficult to address and highlight an important role that genetics professionals can play in the care of these families.
The answers given for the scenario about Cx26 gene testing for the siblings of a child with 2 GJB2 mutations revealed a telling finding. The majority of physicians (25/37 [68%]) responded that they would order testing of the unaffected siblings when asked to do so by the parents. This decision is not consistent with the American Society of Human Genetics guidelines on genetic testing for minors. 18 Testing the unaffected children would in essence be carrier testing, because they are unaffected, and would have no direct medical benefit. The information on their genetic status would only be relevant for reproductive decision making. However, knowing carrier status may have untoward effects, such as loss of autonomy and strained family dynamics. For this reason, testing of minors for carrier status for a genetic disorder is not recommended. Such testing should only be done as an adult when an individual has the capacity to choose to know or not to know this information and to completely understand the results. Many otolaryngologists did not recognize this fundamental principle, suggesting a lack of appreciation of the intricacies of genetic testing. This observation is similar to that of a previous study 13 demonstrating that pediatric otolaryngologists have an excellent understanding of the genetic basis of SNHI but a weaker understanding of how to carry out testing.
CONCLUSIONS
In this study, we have shown that pediatric otolaryngologists understand basic genetic principles such as mendelian inheritance and know the genetic basis of SNHI. However, these physicians are less comfortable with carrying out genetic testing. This finding is significant because the role of genetics will only increase in the coming years. Genetic testing has become an integral part of the evaluation of the child with SNHI, but to date this testing has focused on relatively few genes for a limited number of clinical situations. In the future, the number of clinically relevant genetic tests will increase, and these tests will be important not only for diagnosis but also for making treatment and management decisions. It will be increasingly important for pediatric otolaryngologists to have a basic understanding of genetic testing, including when it is appropriate. Pediatric otolaryngologists should be able to understand test results, communicate them to the patient and family, discuss their implications, and recognize when it is appropriate to consult a genetics professional. While these things can be learned though clinical experience, an emphasis needs to be placed on such education during residency training. Genetics content should be added to the otolaryngology residency curriculum to prepare future otolaryngologists for genomic medicine-the routine use of genetic test results in medical management.
